and those with short segment obstruction (12%). Conclusions-32% of patients in the clinical study with subaortic stenosis had a ventricular septal defect. Only 51% of these had obstructive and deviated muscular structures in the left ventricular outflow tract. These patients had a significantly higher incidence of aortic arch obstruction and required surgery for subaortic stenosis at a younger age than those with short segment obstruction. The ventricular septal defect also required surgical closure more frequently in those patients with deviation. The morphological study defined the two sites of obstruction. The presence or absence and type of deviation should be clearly defined in all patients with a ventricular septal defect, because of the potential for the development of subaortic stenosis.
were traced to assess their current clinical state. Necropsy specimens of 291 patients with lesions associated with subaortic stenosis were also examined. Results-In the clinical study; 65 (32.1%) of the 202 patients with subaortic stenosis had a ventricular septal defect (excluding an atrioventricular septal defect). 32 of these patients had a short segment (fibromuscular) subaortic stenosis. 33 had subaortic stenosis produced by deviation of muscular components of the outflow tracts. In 17 patients (51-.5%) this was caused by posterior deviation or extension of structures into the left ventricular outflow tract, resulting in obstruction above the ventricular septal defect. In the other 16 patients (48-5%) there was overriding of the aorta with concordant ventriculoarterial connections, (without compromise to right ventricular outflow) producing subaortic stenosis below the ventricular septal defect. Additional fibrous obstruction occurred in 39% of the patients with deviated structures. The age at presentation was lower (P < 0.01) in patients with deviated structures (median (range) 0-4 (0 to 9-2) months) than in those with short segment obstruction (median (range) 4 -2 (0 to 84.9) months). The incidence of aortic arch obstruction was higher (P < 0.002) in patients with deviated structures than in those with short segment obstruction (38%). In the morphological study 35 pathological specimens showed obstructive muscular structures in the left ventricular outflow tract either above or below the ventricular septal defect. 16 had either posterior deviation of the outlet septum or extension of the right ventriculoinfimdibular fold, or both of these together into the left ventricle. 19 had anterior deviation of the outlet septum into the right ventricle with overriding of the aorta (without compromise to right ventricular outflow). The earliest age at which additional fibrous obstruction was seen was 9 months. The aortic valve circumference was small in 18% of specimens.
Follow up-The median (range) duration of follow up in survivors from the clinical study was (1 to 25.7) years. 16 patients with deviated musculature (49%) and 16 with short segment fibromuscular stenosis (500/6) underwent operation for subaortic stenosis. Patients with deviated structures were younger at operation than those with short segment stenosis (P < 0-005). Patients with posterior deviation or extension of structures into the left ventricular outflow tract underwent operation for subaortic stenosis more frequently (P < 0.05) than those with anterior deviation of the outlet septum and aortic override. The ventricular septal defect required surgical closure more frequently (P < 0.005) in patients with deviation (93.9%) than in those with short segment obstruction (21-9%). There was no significant difference in the mortality between patients with deviation (27%) and those with short segment obstruction (12%). Conclusions-32% of patients in the clinical study with subaortic stenosis had a ventricular septal defect. Only 51% of these had obstructive and deviated muscular structures in the left ventricular outflow tract. These patients had a significantly higher incidence of aortic arch obstruction and required surgery for subaortic stenosis at a younger age than those with short segment obstruction. The ventricular septal defect also required surgical closure more frequently in those patients with deviation. The morphological study defined the two sites of obstruction. The with a ventricular septal defect and subaortic stenosis7-9 seldom mention the presence of deviated muscular structures."01'
The aims of this study were to determine the incidence and prognosis of patients with subaortic stenosis and a ventricular septal defect, with and without deviation of the components of the outflow tracts. The structures involved in the different types of deviation are defined.
Overriding of the arterial valve (biventricular origin) describes the situation in which the valve does not originate wholly from its appropriate ventricle (concordant ventriculoarterial connection) but is connected partially to the other ventricle across a ventricular septal defect. The ventriculoarterial connections can still be concordant in the presence of an overriding valve as long as that valve is predominantly connected to its appropriate ventricle. The right ventriculoinfundibularfold is the muscle bar that separates the tricuspid valve from the arterial valve of the right ventricle. It is produced by the infolding of the heart wall and is part of the freestanding pulmonary infundibulum. The outlet septum is the portion of muscle that separates the aortic from the pulmonary outlet. This structure is more easily identifiable in the abnormal than in the normal heart. Most of the subpulmonary infundibulum is free standing and in the normal heart only a small portion of the septal surface is the outlet septum. Deviation is defined as the displacement of the superior border of the ventricular septal defect (formed by the outlet septum, or the right ventriculoinfundibular fold, or both) in relation to the inferior border of the ventricular septal defect (formed by the trabecular septum). Posterior deviation occurs when the outlet septum or right ventriculoinfundibular fold is displaced or extends posteriorly into the left ventricular outflow tract. Anterior deviation occurs when the outlet septum is displaced anteriorly into the right ventricle and is associated with aortic override without compromise to the right ventricular outflow tract. Sixteen specimens showed obstruction above the ventricular septal defect, separating it from the aortic valve. In four specimens this was caused by posterior deviation of the outlet septum, and in six due to extension of the right ventriculoinfundibular fold into the left (fig 7) . The age at death in these patients was 9 and 11I months. Normal arch 3 4 LVOT, left ventricular outflow tract; OS, outlet septum. group.bmj.com on April 14, 2017 -Published by http://heart.bmj.com/ Downloaded from Morphology ofleft ventricular outflow tract structures in patients with subaortic stenosis and a ventricular septal defect tion had a trileaflet and six had a bileaflet valve without stenosis. In six patients there was additional aortic valve stenosis. In patients with short segment obstruction, 25 (78a 1 %) had a trileaflet aortic valve, three had a bileaflet valve without stenosis, and four had additional aortic valve stenosis.
Patients and methods
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.bmj.com on April 14, 2017 -Published by http://heart.bmj.com/ Downloaded from Kitchiner, Jackson, Malatya, Walsh, Peart, Arnold, Smith Table 2 Other cardiac lesions in 33 patients with subaortic stenosis caused by deviation ofstructures in the outflow tracts, and 32 patients with short segment (fibromuscular) subaortic stenosis and a ventricular septal
Morphological study
The circumference of the aorta and pulmonary trunk was measured in 32 of the 35 specimens. The aortic circumference was within normal limits in 26,'5 but in six specimens (18%) it was below the lower limit of normal. Three of these specimens had posterior, and three had anterior deviation. The circumference of the pulmonary trunk was larger than normal in 19 specimens (59-4%).15 Table 4 shows the relative size of the aorta and pulmonary trunk in the pathological specimens. The aortic valve was trileaflet in 22 patients (62-9%) and bileaflet in 13. ventricular septal defect, had resection of subaortic stenosis through the aortic valve. One patient with anterior deviation and obstruction below the site of the previous ventricular septal defect had a modified Konno procedure. The indication for reoperation in two patients was subaortic stenosis, and resection was carried out through the aortic valve. Twenty nine patients with deviation had surgical closure of a large ventricular septal defect in infancy and a further two patients died before surgery. In two patients with anterior deviation of the outlet septum, the ventricular septal defect was partially closed by fibrous tissue. Surgery for subaortic stenosis was performed more frequently (P < 005) in patients with posterior deviation (n = 12) than in those with anterior deviation (n = 4). Sixteen of the 32 patients (50%) with short segment obstruction underwent 17 operations for subaortic stenosis. The median (range) age at operation was 5-8 (0 3 to 15-7) years. In six patients subaortic resection was carried out through the ventricular septal defect at the time of surgical closure. In eight patients with small ventricular septal defects, subaortic stenosis was resected through the aortic valve. Two patients, who also had small ventricular septal defects, required aortic valve replacement for valve and subvalve stenosis. Only one patient had already had closure of a large ventricular septal defect. Figure 8 shows the actuarial freedom from operation for subaortic stenosis in patients with and without deviation. A similar number of patients required surgery for subaortic stenosis in both groups. Those with deviation had resection of subaortic stenosis at a significantly younger age (P < 0 005) than those with short segment obstruction. There was no difference in the number of patients with and without deviation who underwent resection of subaortic stenosis at the time of surgical closure of the ventricular septal defect (P = 0-16).
The coarctation. There was no significant difference in mortality in patients with and without deviation (P = 025). There was also no difference in the mortality between patients with the two types of deviation. We chose the term "deviation" to describe the morphology of the margins of the defect in preference to "malalignment" that is more generally used. "Deviation" allows a more precise description of the structures involved and is less contentious.
MORPHOLOGICAL STUDY
As far as we know, there have been no reports describing all the structures involved in both types of deviation. Anderson et al described the morphology of four specimens with posterior deviation of the outlet septum and coarctation with a ventricular septal defect.'8 They also described some specimens with aortic override that was thought to compromise blood flow in the foetal aorta and contribute to the production of coarctation. Structures that contribute to decreased aortic blood flow in the foetus may also cause considerable subaortic stenosis in the infant.
In our study, examination of the pathological specimens provided valuable information about the morphology of the structures involved in the deviation. It showed that obstruction above the defect is not always caused by posterior deviation or hypertrophy of the outlet septum,3"' as extension of the right ventriculoinfindibular fold may be involved in some cases. The first reports of this :condition mentioned a biventricular origin of the pulmonary trunk.' 2 This was subsequently found to be the less common type of morphology,'9 as we confirmed in our study. In our specimens of this type the outlet septum was either absent when the pulmonary and aortic valves were in fibrous continuity and the obstruction was produced by extension of the right ventriculoinfundibular fold, or as in one case, it was present but hypoplastic. From the left side, this specimen looked similar to others with posterior deviation, but from the right side, override of the pulmonary trunk was clearly visible. In specimens with anterior deviation, aortic override was associated with anterior displacement of the outlet septum into the right ventricle, resulting in obstruction in the left ventricular outflow tract below the ventricular septal defect, as already noted.3
CLINICAL STUDY
The age at presentation was significantly lower in patients with deviation than in those with short segment obstruction. This seemed to be because ventricular septal defects were larger in these patients and they had more symptoms at an earlier age. This difference in the size of the ventricular septal defect was also indicated by the significantly higher incidence of surgical closure of the ventricular septal defect in patients with deviation than in those with short segment obstruction.
A similar number of patients with and without deviation underwent resection of subaortic stenosis, but the age at which this was performed was significantly younger in those with deviation. The site of obstruction also varied. In patients with deviation, a similar number had obstruction above or below the ventricular septal defect whereas, in those with short segment subaortic stenosis, obstruction occurred more commonly below the ventricular septal defect.20 There was no significant difference in the recurrence rates for subaortic stenosis as only three patients required reoperation. As far as we know, there are no other surgical reports defining the type of deviation of structures into the left ventricular outflow tract in patients undergoing operation for subaortic stenosis. This study indicated that patients with posterior deviation were more likely to require surgery for subaortic stenosis than those with anterior deviation.
Cross sectional echocardiography before operation seems to be useful in determining which patients with deviation are most likely to develop pronounced subaortic stenosis after surgical closure of the ventricular septal defect.2' The type of deviation, which is also clearly seen on cross sectional echocardiography, is of value in predicting the level of obstruction. This information provides the surgeon with the opportunity of dealing with potential obstruction at the time of closure of the ventricular septal defect.
If subaortic stenosis develops after closure of the ventricular septal defect, the transaortic korphology of left ventricular outflow tract structures in patients with subaortic stenosis and a ventricular septal defect approach should result in adequate relief of the obstruction in patients with posterior deviation as the obstruction is above the ventricular septal defect and close to the aortic valve. In those with anterior deviation, obstruction occurs below the ventricular septal defect and lower in the ventricle. This type of anatomy was a less common cause of subaortic stenosis requiring resection in our study, but if obstruction occurs it is more difficult to resect through the aortic valve (fig  2(A) ). An approach through the ventricular septal defect such as a modified Konno type procedure may be more appropriate. 22 This was used in one patient in our study with success. DeLeon et al reported a modified Konno type operation undertaken in three patients with a ventricular septal defect. 23 The description suggested that these patients had obstruction below the ventricular septal defect due to anterior deviation.
Deviation of the outlet septum does not automatically produce obstruction to one or other outlet.24 Examination of the specimens showed that in 18% of hearts with deviation, the aortic valve circumference was smaller than normal. The aortic diameter at the valve as -measured on an angiogram, and the aortic valve circumference measured at necropsy were also consistently smaller than the corresponding measurement of the pulmonary trunk, but the left to right shunt across the ventricular septal defect may explain the increased size of the pulmonary trunk. This aortic to pulmonary ratio is the opposite of that found in tetralogy of Fallot, where the aorta is larger than the pulmonary trunk, and this may explain why subaortic stenosis is rare after repair in this condition. It therefore seems that, in the presence of deviation, the aorta must be large to prevent obstruction.
In both types of deviation there may be impaired growth of the aortic root, which increases the left ventricular outflow obstruction.2525 The aortic valve was also stenotic in about 30% of patients and specimens in our study, and this contributed to the obstruction in some cases. The development of a fibrous shelf may also contribute towards subaortic stenosis in patients with deviation. Zielinsky et al posed the question whether subaortic fibrosis was congenital or acquired.3 Our study of the necropsy specimens showed that fibrous lesions were not present in the first few months of life in patients who died from aortic arch obstruction. The earliest age at which fibrous tissue was seen was at 9 months. Fibrous accretions were seen in 39% of patients with deviation, confirming that fibrous obstruction develops with time. 27 This may be as a consequence of a disturbed flow pattern rather than as a result of a congenital abnormality.28 ASSOCIATED CARDIAC LESIONS Aortic arch obstruction (coarctation or interruption of the aortic arch) was significantly more common in patients with deviation. Some patients with short segment obstruction did have coarctation, but none had an interrupted aortic arch. Also, 24% of patients with deviation had a normal aortic arch. In patients with aortic arch obstruction and subaortic stenosis, posterior deviation has been noted to be the most common association.'92526 In our study no difference was found in the incidence or type of aortic arch obstruction in the two types of deviation.
About 30% of patients with aortic arch interruption develop subaortic stenosis. 26 29 As more infants survive aortic arch reconstruction, with or without simultaneous closure of the ventricular septal defect,29 there will be an increasing number of patients with the potential to develop subaortic stenosis. This may best be dealt with at the time of closure of the ventricular septal defect, particularly in those patients with posterior deviation where significant obstruction is likely to occur early in life.
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We acknowledge the contribution of Dr 0 Alvarado in formulating some of the concepts included in this work and Professor RH Anderson for discussing the work with us. 71 year old man was admitted after being found collapsed at home. Clinically he was in cardiogenic shock with severely impaired cerebration, gross evidence of cardiac failure, a systolic blood pressure of 50 mm Hg, and a regular pulse of only 42 beats per minute. His initial electrocardiogram is shown (fig 1) . As soon as the electrocardiogram was available he was given 10 ml calcium gluconate together with dextrose and insulin. A repeat electrocardiogram performed after these measures was dramatically improved (fig 2) . Subsequently, his admission potassium was found to have been greater than 8-0 mmol/l. It had declined to 5 3 mmol/l at the time of the second electrocardiogram. Figure 1 shows extremely broad, bizarre QRS complexes with markedly raised ST segments that can be mistaken for the acute injury current of myocardial infarction. In addition there is no evidence of P wave activity. Such electrocardiographic changes may be the harbinger of ventricular tachycardia, fibrillation, or asystole. It is rare to find such gross electrocardiographic changes. More frequently with lesser degrees of hyperkalaemia there are tall, peaked T waves. Increasing hyperkalaemia, however, leads to a progressive reduction in P wave amplitude, PR prolongation, loss of R waves, and progressive widening of the QRS complex. 
